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Current status of the research on  transparent YAG ceramics
as laser hosts from an Italian network
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Abstract
This work describes the results obtained using two different
processing systems for the production of YAG based ceramics. One
involves the use of commercially available oxide powders
(Yb2O3, Y2O3, Al2O3) The other involves the use of Yb-doped Y2O3
(Yb, 9.8%) powders obtained by microwave assisted co-precipitation
from salts solution and a commercial alumina (Al2O3). Both systems
are processed by wet mechanical mixing of starting oxides and
reactive sintering of the obtained mixture
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Background
Transparent polycrystalline YAG ceramics are well known solid-state laser host materials. The high flexibility
of the ceramic production process allows the construction of complicated shapes and tailored doped
structures that are difficult to obtain with single crystals. In order to be transparent a ceramic material must
exhibit a very low concentration of defects such as secondary or grain boundary phases and residual pores.
These requirements are fulfilled when the starting ceramic powders are nanometric or at least sub-
micrometric and extremely pure. On the other hand, nanometric powders aggregate easily and the poor
packing that may derive can lead to residual porosity in the sintered body.
The powder processing plays a key role in the realization of a transparent ceramics
The production process of  transparent ceramic materials
Commercial Powders Microwave synthesized powder of Yb-Y2O3
Aqueous solution of nitrate precursors (Y(NO3)3 and (Yb(NO3)3 )
and urea (Y:urea ratio 1:30) was heated at 90°C for one hour.
The microwave system was a Milestone MicroSYNTHplus with a
magnetron of 2 x 800 Watt and frequency of 2.450 GHz. Powder
was filtered, washed by water and ethyl alcohol and dried at 40°C
in IR oven. Calcination at 800°C was performed in order to obtain
crystalline powder.
Monosized, spherical and not aggregated powder
Drying by rotavapor
The starting powders
Ball milling in ethanol, 
addition of TEOS as 
sintering additive and 
PEG as lubricant
Shaping by pressing
(Linear + Cold Isostatic Pressing)
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Spray drying in ethanol – Advantages 
•Homogeneous dispersion  of powders during ball milling
•Atomized aggregates are small and soft
•Close & homogeneous particle packing during shaping by pressing
•Enhanced pore closure during sintering
•Pore-free microstructures after sintering
Conclusions
Transparency in YAG based ceramics obtained by reactive sintering depends on the purity level and mean grain size of
the starting powders as well as on their mutual interaction during shaping. Spray drying of powders dispersed in
ethanol have shown to be an excellent tool to limit the residual porosity after sintering.
In these ceramic samples it was possible to obtain quasi CW laser action under longitudinal pumping, in experimental
conditions similar to those already used with standard single crystals. It is likely that these materials can achieve an
even better performance than in CW in other oscillation regimes, in particular in Q-switch pulsed operation, where the
inherently higher gain and higher OC transmission should reduce the influence of the scattering losses.
The optimization of the ceramic process will be the key issue for the improvement of optical properties.
After  annealing at 1300°C x 1 h
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Before the annealing cycle
The solvent is removed by evaporation while the suspension 
is  continuously  stirred to avoid selective sedimentation
Microstructural and Optical characterizationCeramic material finishing
Removal of organic & stabilization of 
nanopowders 
800-1000°C for 2 to 48 h under air flow
Densification by sintering under high 
vacuum in clean atmosphere
1650°C – 1800°C for 6 to 20 h
T=18.8% Slope efficiency 12.6% (18.3%)
Energy efficiency
Threshold power
8.1%   (11.8%)
3.2 W  (2.2 W)
T=57.6% Slope efficiency 21.2% (30.7%)
Energy efficiency
Threshold power
12.4% (18.0%)
4.7 W  (3.2 W)
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Cavity layout for the laser tests Slope and energy conversion efficiencies achieved in the laser 
tests. In parenthesis the values calculated with respect to the 
absorbed pump power (up to 20 W)
60 µm
Optimization of the surface finishing 
(Optical Quality Polishing)
According to the Atomic Force Microscope Analysis
the final Surface Roughness is  2 nm RMS
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Figure of merit Lambda/10 (RMS)
